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introduction
Transcranial magnetic stimulation (TMS) studies have shown that the observation of an action causes subliminal activation within the motor system [e.g. 1]. However, whether such an effect is modulated by the match between the observed action and that the observer would have exhibited if acting under similar circumstances remains unclear [2,3,4]. Does our motor system merely resonate for what we see or for what we would have actually done if acting under similar circumstances? We test this by using TMS, by asking participants to observe video-clips representing reach-to-grasp actions in which the adopted type of grasp might be either appropriate or inappropriate for interacting with the target object (small or a large). Remarkably, such an effect was independent from the appropriateness of the observed action. We contend that, in action observation tasks, the human cortico-spinal system mediating action observation effects, code merely the visual aspects of the observed action.

methods
Sixteen healthy individuals (3 men and 13 women) aged (mean ± SD: 23.3 ± 5.6 years) participated in the Experiment. The experimental stimuli consisted of colored video-clips representing a human hand reaching towards and grasping a target object which could be either small or large. In the video-clips, each object could be grasped by the model either opposing the thumb with the index finger (i.e., precision grasp) or with all five fingers (i.e., whole-hand grasp) (Figure 1). Each video-clip lasted 2500 ms and the experimental paradigm consisted of eliciting motor evoked potentials (MEPs) responses with TMS (Magstim 200 Rapid, Whitlan, Dyfed, Wales, UK) facilitation, while participants observed video-clips representing four experimental conditions: a) a hand reaching and grasping a large object by using a whole-hand grasp (Fig. 1A); b) a hand reaching and grasping a large object by using a precision grasp (Fig. 1B); c) a hand reaching and grasping a small object by using a whole-hand grasp (Fig. 1C); d) a hand reaching and grasping a small object by using a precision grasp (Fig. 1D). A total of 64 trials, with 16 trials for each of the four TMS conditions (i.e., a combination of four trials for the small target object and four trials for the large target object) were administered. Trial order was randomized within and between participants. The TMS coil was placed over the left M1, tangentially to the scalp and MEPs were recorded simultaneously from the first dorsal interosseous (FDI) and the abductor digiti minimi (ADM) muscles of the right hand. In order to obtain an objective reference for the type of grasps naturally afforded by the objects shown in the video-clips, a preliminary experimental session was administered. In this session, participants watched 20 photographs of objects normally used for daily activities were displayed and were requested to indicate which type of grasp they would have adopted if they had to grasp the objects depicted in the photographs.

results
The chi-squared test performed on the data obtained from the preliminary behavioral experimental session revealed that participants consistently selected the type of grasp which was appropriate for the size of the to-be-grasped object [chi-squared (3) = 99.13, p < .0001]. TMS data suggest that the absolute amplitudes of MEP evoked by TMS delivered during the observation of reach-to-grasp movements were modulated depending on the observed type of grasp. In particular, a greater MEP amplitude for ADM was visible when the observed reach-to-grasp movement ended with a whole-hand grasp that implied the use of the ADM muscle to be performed (Figure 2). These qualitative observations were confirmed by the ANOVA performed on the normalized MEP amplitudes recorded from the FDI and the ADM muscles. Specifically, for the FDI muscle the main effects of target size (F1,15 = .383, p = 0.545) and type of grasp (F1,15 = .599, p = .451), as well as the target size by type of grasp interaction (F1,15 = .560, p = .466) were not significant (Figure 2A). By contrast, the normalized MEP amplitude recorded from ADM revealed a significant main effect of type of grasp (F1,15  = 6.708, p = .021). The MEP amplitude from the ADM was higher when participants observed a reach-to-grasp movement performed by using a whole-hand grasp than a precision grasp (.103 vs. -.099, respectively) (Figure 2B). Surprisingly, the main effect of target size (F1,15  = .000, p = .989) as well as the interaction type of grasp by target size (F1,15  = 1.356, p = .262) were not significant. This suggests that the somatotopic mapping of the targeted muscle was not influenced by the type of action indicated as the most appropriate for grasping the presented object as emerged from behavioral data (i.e., precision grasp for a small object and whole-hand grasp for a large object).

conclusions
In contrast of previous studies [5], we have found that the cortico-spinal facilitation induced by the observation of a reach-to-grasp movement is topographically tuned to the type of grasp being observed regardless of the overlap between the observed action and the action that the observer would have exhibited if acting under similar circumstances. In conclusion, our findings challenge the classic view that observed actions are directly matched onto the observer’s motor system. Rather, they suggest that motor facilitation via action observation occurs even when the observed action does not match the stored motor commands suitable for acting under the observed circumstances. In this view, the “direct match” concept would be the consequence of a “passive” rather than an “interpretative” simulating process.
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